The role of different risk factors for bronchial hyperresponsiveness (BHR), such as gender, atopy, IgE, and environmental factors (smoking, occupational exposure, infections), has been described. Indoor and outdoor pollution play an important role too, but few studies have analyzed the association with BHR. The aim of this study was to assess the effect of urban residence on BHR. Methods: We studied two general population samples enrolled in two cross-sectional epidemiological studies performed in Northern Italy (Po Delta, rural area) and Central Italy (Pisa, urban area). We analyzed 2,760 subjects (age range, 8 to 74 years). We performed analysis of variance and logistic regression analysis using ln slope of the dose-response curve of the methacholine challenge test as dependent variable, and sex, age, smoking habits, respiratory symptoms, skin-prick test results, IgE value, residence, and airway caliber as independent variables. Results: The mean value of ln slope of the dose-response curve adjusted for initial airways caliber (by baseline FEV 1 percentage of predicted value) was significantly higher in female subjects, in smokers, in subjects with respiratory symptoms, in younger and older ages, in subjects with high values of IgE, and in subjects with positive skin-prick test results. After controlling for the independent effects of all these variables, living in urban area was an independent risk factor for having BHR (odds ratio, 1.41; 95% confidence interval, 1.13 to 1.76). Conclusion: Living in urban area is a risk factor for increased bronchial responsiveness.
B
ronchial responsiveness (BR) to nonspecific agents has been widely used in both clinical and epidemiological studies. Bronchial hyperresponsiveness (BHR) appears related to the development of COPD 1 ; it is also an important characteristic of asthma according to the American Thoracic Society definition criteria 2 and Global Initiative for Asthma guidelines. 3 Many studies have described the role of different risk factors for BHR, such as host factors (gender, age) and environmental factors (smoking habits, occupational exposure, infections). Atopy, defined as a genetic predisposition toward developing immediate hypersensitivity reactions against environmental antigens and indicated by positive skin-prick test result or elevated IgE concentration, has a close association with BHR. 4, 5 We observed a significant father/son correlation in the slope of methacholine dose-response curve in an Italian general population sample; moreover, when performing a segregation analysis in families of smokers, evidence of Mendelian inheritance of BHR was found. This suggests a gene/environment (smoking habit) interaction in the inheritance of BHR. 6 As for the relationship between BHR and respiratory symptoms, in a cross-sectional study performed in approximately 1,900 Dutch subjects, those with airway responsiveness were more likely to be symptomatic than nonresponders, regardless of smoking habit. 7 Moreover, Palmer et al 8 showed that airway responsiveness to inhaled histamine in early life predicts asthma development, lower respiratory tract symptoms, and reduced spirometric indexes by school age.
Indoor and outdoor pollution may play an important role, but few studies analyzed the association with BHR. 9 -11 The aim of our study was to evaluate the relationship between BHR and living in different Italian areas (urban vs rural).
Materials and Methods

Populations
We analyzed two general population samples enrolled in two cross-sectional epidemiological studies performed in Northern and Central Italy: the Po Delta and Pisa studies. 12 Among the 2,841 survey participants in the Po Delta study, 1,602 subjects correctly performed the methacholine challenge test (MCT) and were included in the analysis; in Pisa, the corresponding figures were 2,841 and 1,158, respectively. Further details are in the "Results" section.
Italian law did not request the approval of Ethical Committee at the time of the field surveys. The protocol was approved by an Internal Revision Board within the Preventive Medicine Targeted Project of the Italian National Research Council (CNR).
Data Collection
All subjects completed an interviewer-administered standardized respiratory questionnaire, developed by the CNR. Accordingly, subjects were classified for the analysis into three mutually exclusive categories following a priority order: (1) asthma-like subjects, with diagnosis of bronchial asthma confirmed by a physician, or persistent wheezing, or lifetime breathlessness attacks associated with wheezing; (2) chronic bronchitis-like subjects, with chronic cough, or chronic phlegm, or diagnosis of chronic bronchitis or emphysema confirmed by a physician; and (3) "others," without bronchitic or asthmatic symptoms.
In addition, the investigated subjects performed skin-prick tests to common airborne allergens, 13, 14 serum IgE determination, 13 lung function tests, [15] [16] [17] and BR to MCT. 6, 18 Details are described in the Web-only material.
Atopy: Total serum immunoglobulin E (IgE) were measured using a direct paper radioimmunosorbent test and were transformed in logarithm 10 values (log IgE) to obtain a normal distribution. 13 The sensitization to 12 local allergens (pollens, house dust mites, animal danders, molds) was assessed by skin-prick test reactivity using a standardized protocol. 14 A skin-prick test result was considered positive if it yielded a mean wheal diameter Ն 3 mm than that determined by the negative control.
Lung Function Tests: A pneumotachograph and a water-sealed spirometer were used for measuring flows and volumes in the Po Delta and in Pisa studies, respectively. [15] [16] [17] Each subject performed slow vital capacity, single-breath diffusing capacity for carbon monoxide, FVC, and derived forced expiratory flows. For the latter, reference equations derived from normal subjects within the samples were used to calculate predicted values. 19, 20 MCT: Among the tests used for assessing BR, we selected the nonspecific bronchial challenge test with methacholine, which is the most commonly used in clinical settings because it is standardized, easy to perform, not expensive, reproducible, and able to elicit a dose-response curve. As subsequently indicated by the American Thoracic Society statement, the MCT has a very good sensitivity. 21 Incremental doses of methacholine were administered up to the maximum of 4.8 mg or when the fall of FEV 1 percentage compared to the post-saline solution value was Ͼ 20%. 6, 18 The results were expressed using a continuous variable to characterize BR, the slope of dose-response curve, as suggested by O'Connor et al 22 : the percentage decrement of FEV 1 /dose, ie, the fall in FEV 1 (from the post-saline solution value) after the final administered methacholine dose divided by the final administered cumulative dose.
The slope was transformed using the natural logarithm (ln slope) because the data distribution was highly skewed, and a small constant (ϩ 2.57) was added to allow ln transformation of negative and zero values. Values of ln slope were adjusted for the initial airway caliber by FEV 1 percentage.
Statistical Analysis
Analyses were performed using statistical software (SPSS 13.0 for Windows; SPSS; Chicago, IL). The dependent variable was the slope (ln transformed) of the dose-response curve. Analysis of variance (ANOVA) was used to compare mean values of ln slope, adjusted for initial airway caliber (by FEV 1 percentage), between gender, decades of age, respiratory symptoms, smoking groups, log IgE (dichotomized through the 75th percentile value: 1.93 kU/L), skin-prick test reaction (negative, positive), and residence (urban, rural). We also performed logistic regression models by using the same independent variables and ln slope (dichotomized through the 75th percentile value: 2.21) as dependent variable.
Results
Selection of the Samples
Po Delta Sample: Among the 2,841 survey participants, 1,602 subjects (56%) performed the MCT, while 1,239 subjects did not perform it or interrupted the maneuver (Table 1) .
Pisa Sample: Among the 2,841 survey participants, 2,556 subjects were eligible because subjects Ͼ 75 years old (n ϭ 285) were invited to answer the questionnaire only. Among the eligible participants, 1,158 subjects (45%) performed the MCT, while 1,398 subjects did not perform it or interrupted the maneuver (Table 1) .
There were significant differences among the two samples. When considering subjects performing MCT, in Po Delta there were a lower prevalence of male gender and of symptoms, a higher prevalence of smokers, and people were younger with a lower FEV 1 percentage of predicted. Except for the latter and for gender, the same results were found when considering the subjects not performing or refusing the test (Table 2) . Moreover, within each sample, subjects either not performing or refusing the MCT were significantly older, had a lower prevalence of smokers, had a higher prevalence of respiratory symptoms, and had a higher prevalence of female gender with lower mean value of FEV 1 percentage of predicted, with respect to those performing MCT ( Table 2 ).
The use of dose-response curve slope allows to determine a measure for all subjects, avoiding the censoring effect inherent in the provocative dose of methacholine inducing a fall of 20% in FEV 1 (PD 20 ) . Indeed, in our data the slope was significantly related to PD 20 values, supporting its usefulness in epidemiological studies. The results showed that 41% of subjects with a slope Ͼ 2.21 reached a PD 20 with a dose of methacholine Ͻ 1 mg and 54% reached it with a dose of methacholine from 1 to 4.8 mg (Table  3) . Using a cutoff of 4.8 mg of methacholine for PD 20 considered as a "gold standard," we have evaluated that the 75th percentile of ln slope has a sensitivity of 80% and a specificity of 98% for indicating the presence of BHR.
BHR Values and Determinants
The mean ln slope value of the dose-response curve adjusted for initial airways caliber was signifi- cantly higher in Pisa than in Po Delta in both genders (Fig 1a-1b) . Mean ln slope values by gender, age, smoking habits, respiratory symptoms/diseases, skin-prick test, and IgE, stratified by residence, are shown in Table 4 . The mean ln slope value was significantly higher in female than in male subjects in both samples. Mean slope values showed a "U" pattern from the youngest to the oldest 10-year age group, in both samples. In Pisa, the slope values began to go up from 25 to 34 years, while in Po Delta from 45 to 54 years. Moreover, in Pisa, the highest slope values were reached at 65 to 74 years while in Po Delta at 8 to 14 years. "Current smokers" showed mean slope values significantly higher than "ex-smokers" and "neversmokers" in Po Delta; the same difference, although not significant, was observed in Pisa. In both samples, mean ln slope values showed a significantly increasing trend from the "others" through the "chronic bronchitis-like subjects" up to the "asthmalike subjects"; further, mean ln slope values were significantly higher in atopic subjects (high values of IgE or positive skin-prick test reaction).
By logistic regression analysis, the risk factors significantly associated with an elevated ln slope value were as follows: female gender, younger age (8 -14 years and 15-24 years), current smokers, asthma-like subjects, positive skin-prick test reaction, and elevated log IgE value (Table 5) . Moreover, airway caliber had a significant protective relationship with BHR. After controlling for the independent effects of all these variables, people living in the urban area had an odds ratio (OR) of 1.41 of getting BHR with respect to people living in the rural area (Table 5) . No significant association was found between BHR and either work or passive smoking exposure.
Discussion
We have confirmed the important role of several risk factors for BHR. The significantly higher risk of an elevated ln slope of the dose-response curve in female subjects is in agreement with previous studies on adults 9, 23, 24 and on children. 25 Possible mechanisms, as reported by Paoletti et al, 18 are a higher cholinergic irritability in female subjects and hormonal differences related to sex (such as pregnancy and menstrual cycle).
The distribution of BR by age showed a "U" pattern, with the highest values corresponding to the youngest and oldest ages. Sparrow and Weiss 26 had already indicated larger BHR values at the age extremes. These results were confirmed partially by Renwick and Connolly, 27 who described a weak positive association between BHR and age in a population sample aged 45 to 86 years, and by Schwartz et al, 28 who found the highest BHR values in the younger subjects within a sample aged 18 to 60 years.
Current smokers in both our samples had the largest BHR values, with an OR of 1.39 for getting an elevated slope. The tendency to an increased BR for smokers has been observed in previous studies, 23, 29 and it has been supported by pathological evidences of important changes in large and peripheral airways induced by smoke, which lead to different degrees of airway obstruction. Moreover, Mitsunobu and associates 30 reported that the cumulative dose of methacholine causing a significant increase in total respiratory resistance was significantly lower in asthmatics with a smoking history than in those without it.
We also showed a strong relationship between chronic bronchitis-like or asthma-like symptoms and the risk for BHR (OR, 1.30 and OR, 2.65, respectively), bringing further evidence to a reappraisal of the Dutch hypothesis. 31, 32 Furthermore, our findings underline the association of a positive skin reactivity (OR, 1.32) or of higher total IgE values (OR, 1.61) with an enhanced BR, according to other studies. 24, [33] [34] [35] We also confirmed the inverse relationship between airway caliber and BHR, 28, 36, 37 which could be ascribed to anatomic, mechanical, and mathematical factors: the flow resistance in a tube is inversely proportional to the radius of the tube to the fourth power. This leads to a proportionally greater resistance for a narrow airway. 18 Hence, the influence of baseline lung function must be accounted for when analyzing BHR.
BHR and Urban Residence
In our investigation, after controlling for the independent effects of gender, age, smoking habits, respiratory symptoms/diseases, and atopic status, residence in an urban area appears to be an independent risk factor for BHR (OR, 1.41; 95% confidence interval ͓CI͔, 1.13 to 1.76). Interestingly, such an OR is of the same magnitude as the one for active smoking (1.39).
Likely, there is higher outdoor air pollution in urban than in rural areas. Indeed, when we had evaluated pollutants (sulfur dioxide, total suspended particulate) from the two areas, we had found higher mean annual levels in Pisa than in Po Delta, with differences of 40 g/m 3 for total suspended particulate (94 g/m 3 and 54 g/m The Study on Air Pollution and Lung Diseases in Adults 40,41 also found that the annual average concentration of air pollutants was higher in urban areas than in rural/alpine areas. 40 Moreover, it showed a relationship between annual average air pollution concentration and decrement in lung function parameters: for example, a 1.59% reduction in FEV 1 was estimated in healthy never-smokers for a 10 g/m 3 increase of particulate matter with aerodynamic diameter Յ 10 m. 41 The prevalence rates of respiratory symptoms 12 and the chromosome aberrations baseline frequency 42 were significantly higher in Pisa than in Po Delta. These findings might be due to the larger exposure to air pollution in Pisa. An indication of this hypothesis comes from the data regarding the self-perception of air pollution exposure: 55% of the Pisa subjects reported exposure to air pollution sources (industrial fumes/gases and traffic), while only 15% of Po Delta subjects did so. A study 43 in Scotland highlighted that urban residence is associated with worse respiratory health status or quality of life among subjects reporting respiratory symptoms/ diseases than rural residence. Moreover, people living in the urban area of Pisa had a higher value of serum antibodies to benzo(a)pyrene diol epoxide-DNA adducts than people living in the suburban area of Pisa. 44 Few recent studies analyzed the relation between BHR and air pollution indicators, confirming our findings. Jang and colleagues 10 found a significant increase in BHR and atopy in children living near a chemical factory with respect to those in rural/coastal areas. A similar result has been shown in a study about BHR in urban, periurban, and rural South African children. 11 Furthermore, Longhini and colleagues 45 showed that normal children living in an air-polluted area had a higher prevalence of BHR, compared with those living in mountain valleys.
BHR can be considered an efficacy indicator of air quality intervention. Indeed Wong and colleagues, 46 1 year after a governmental intervention on air quality by reducing the sulfur content of fuels to 0.5% in a polluted area, showed that BHR diminished in children living in the polluted district and, to a lesser extent, in the less polluted one; this trend continued in the polluted district 2 years after the intervention. 46 Boezen and colleagues 47 showed that in adults with airway lability (as either peak expiratory flow variability or BHR), there was a significant relationship between the increase of air pollutant concentration levels and the prevalence of respiratory symptoms. Manfreda and colleagues 9 suggested that BHR may reflect susceptibility to outdoor as well as indoor air quality.
Validity of the Study
When comparing the subjects who refused or were excluded from the analysis of BR to those who were submitted to it, similar characteristics were observed in both samples. In particular, subjects not performing the test had an older age, a higher prevalence of respiratory symptoms, and a worse respiratory function (Table 2 ). This is likely the result of both a self-selection process and the BR inclusion criteria. This phenomenon is systematic and does not affect the comparability of the urban and the rural samples.
Moreover, the strengths of this study are the large sample sizes, the standard protocols, 16, 17 which already had passed the scrutiny of independent reviewers, 12, 38, 48 and the analyses in two representative populations living in rural and in urban geographic areas. 12 According to the Hill postulate, 49 the validity of our study is enhanced by the confirmation in different populations of biologically plausible relationships between BHR and various determinants.
Conclusion
We have brought further epidemiological evidences on factors influencing BHR, such as age, female gender, airway caliber, presence of respiratory symptoms/diseases, and atopy. Moreover, we have shown new evidences of the detrimental effect (ie, increased risk for BHR) of living in an urban area with respect to living in a rural area. 
